Results from refraction experiments have been dombined with local ejrthquake data to produce a preliminary model for the structure of the New Hebrides arc-trench system. Maximum crustal thickness of about 28 km occurs beneath the island ridge. The crust is unusually thick (about 10 km) in the zone seaward (westward) of the trench, where the velocity of the deepest layer is 7.0 h / s . The crustal thickness of the Fiji plateau, east of the New Hebrides ridge, varies between 5 and 7 km. The velocities of the ma terials that form the inner trench wall are similar to those found in the island ridge. A zone of relatively high velocity (4
INTRODUCTION
The region that includes the New Hebrides and Tonga Island arcs and adjacent oceanic trenches is regarded by many as one of the best natural laboratories available for investigation of plate convergence. While the Tonga region is ideal for the study of a Benioff zone which extends to great depths, the New Hebrides is an example of a shallower Benioff zone which has enough adjacent islands so that the deformation of the overlying lithosphere can be considered in detail. Both active and fossil back arc spreading zones, as well as opposed ' Marine Science Institute, Geophysics Laboratory. University of and oblique convergence zones, can be identsed in the re-'Office de la Recherche Scientifique et Technique Outre-Mer, gion.
A cooperative program has been conducted in this region Department of GeoWcal Sc~ences, C a " University, Ithaca, over the past three years by the Office de la Recherche Scientifique et Technique Outre-Mer (ORSTOM), Cornell University, and the University of Texas, Marine Science Institute. were plotted assuming that the ship was steaming at a constant speed and the air gun fired once per minute. Assuming the ship was steaming at 8 knots (15 km/h), the separation between each trace would be 0.25 km. H:M:S represents the time of the first data point of each trace. Gain is the gain factor applied to each trace, and it is increased in steps of 6 dB; a constant value indicates the same gain was applied to the whole section. The source for line 7 was a Flexichoc imploding drum. The source for line 8 was a single 5-1 air gun fired at a pressure of 138 bars. D refers to the direct water wave, M denotes multiple reflection in the water column, and dashed lines represent ground arrivals. The 1.0-s arrivals after the water wave,in Figure 7 are reflected refracted arrivals.
The program was joined by the National Ocean Survey of NOAA in 1978. As part of this program, refraction seismic surveys and earthquake monitoring experiments have been conducted using both island and ocean bottom seismic (OBS) stations. Data from the 1978 experiments are presently under analysis. Results from the refraction experiments of 1976 and 1977 are presented in this paper.
In the initial field program (summer 1976), a series of four short refraction lines were run in the central New Hebrides at locations indicated by roman numbers in Figure 1 . The en- 18"02.0'S, 169'26.0'E 18"27.0'S, 167"50.0'E 18"36.0'S,167"20.8'E 19" 17.O'S,169"59.0'E 19"05.5'S, 170" 17.O' E 18"47.O'S,170"30.O'E 19°00.0'S,1690 10.O'E 19"47.5'S,168O 18.6'E 18"51.8'S, 167'14.O'E 1So28.7'S, 168'09.8'E Figure 1 18"30.8'S,168"08.0'E 18°51.9'S,166053.4 ergy source for these lines was a single 5-1 air gun k e d at a 1-min repetition rate at a pressure of 138 bars. This gave detectable arrivals to a maximum range of between 15 and 20 km.
In 1977, seven additional air gun lines, a line using the french Flexichoc source, and three longer lines, using explosion sources, were obtained. These are indicated by numbers 1-11 in Figure 1 . A network of eight OBS stations and seven island stations was also installed in 1977 to record local earthquakes. Approximately 500 earthquakes were recorded by this network in 35 days of operation. A short experiment, in which three closely spaced OBS stations were installed in the back arc basin (Coriolis Trough) east of Tanna, showed this zone to be extremely active. Approximately 150 earthquakes were recorded in this zone in a I-day period.
All of the refraction lines are oriented parallel to the strike of the arc-trench system. In most cases the OBS was deployed, and the ship proceeded to one end of the line as the OBS dropped to the bottom. Shots were fired as the ship moved toward the OBS (usually toward the northwest to maintain a follówing sea) and continued over and beyond the OBS to the maximum expected range of detection, to produce a split profile. In some shallow water cases, and where explosives were used, shooting began at the OBS drop site and continued on one side of the OBS to produce a single-ended profile. In the air gun and Flexichoc lines the ground arrivals are normally much stronger along the outbound line than they are along the inbound line. This effect is presumably related to the radiation patterns of these sources. Thus'in some cases we will present data from both sides of the OBS but will omit data from the inbound leg in cases where signals from this portion of the line are too weak to be useful.
The OBS units used in this study have been described by Latham et al. [1978] and Ibrahim arid Latham [1978] . The refraction units contain a single vertical-component geophone with a resonant frequency of 8 Hz. On command from an internal clock, a 40-s sample of data is stored in memory and then recorded (FM) on magnetic tape along with a time code and reference frequency. The shot clock is initially synchro-LINE I nized to the OBS clock, and one 40-s record is obtained per shot. This approach avoids possible contamination of the data by tape recorder vibration. In more recent experiments the record length has been increased to 80 s. Using a m p u e r gains and playback recorder sensitivities that give background signal amplitudes of 1-2 mm, magnifications of 3 million at 15 Hz are typically obtained in deepwater experiments.
The earthquake units are identical to the refraction units except that a 4.5-Hz geophone is substituted for the 8-Hz geophone, the record length is increased to 160 s, and the recorder is activated when the ratio of short-term signal power to long-term signal power exceeds a preset value.
DATA PROCESSING PROCEDURES
A distinct arrival corresponding to the direct water wave or its multiple can be identified in most of the records. Sourcereceiver distances were calculated from the water wave travel times. All data were corrected for water delay and topograPrimary and secondary arrivals were identified in record sections of the type shown in Figure 2 . Multiples of these arrivals in the water column were identified in some cases. All the data were bandpass-atered through a 4-to 12-Hz window. Gain adjustment was applied to the data in 6-dB steps. The values of the gain used are shown on the record sections. A few of the signals in the record sections presented here, especially the water waves, are clipped owing to the higher gain used to enhance the ground arrivals. Travel times associated with linear segments of the corresponding travel time curves were fitted by the least squares, and layer thicknesses were calculated from the intercept times. The standard deviations in the least square fitting ranged between k0.05 s and &O. 12 s, which could contribute to k0.5 km in the layer thickness.
For lines I, II, IV, and V, adjustments in model parameters were made to provide the best fit between the theoretical and observed amplitude-distance curves. The theoretical amplitudes were calculated assuming geometrical ray theory approach [Bullen, 19591 and were compared with the amplitude Examples of the record sections used for analysis are shown in Figure 2 . We chose lines 7 and 8 because they demonstrate the marked difference in the characteristics of signals generated by an a u gun (line 8) and that of an implosive (Flexichoc) source (line 7). The prolonged ring in the air gun sig- Fig. 11 . Calculated (solid line) and observed first arrivals (dashed line) amplitude-distance curves for line IV. The model used for calculation is shown in Figure 15 . Table 2 . A low-velocity zone is required at the base of the crust to fit the travel time curve in line II. nal, relative to the Flexichoc signal, is evident. We expect that the Flexichoc source would give superior data in high-resolution reflection work; however, the air gun was a more effective source in our refraction work because it generates greater energy at lower frequencies (about 10 Hz).
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DATA DESCRIPTION AND ANALYSIS
The OBS coordinates, energy source, time interval between shots, and maximum range of signal detection are listed for each line in Table 1 . Lines III and 4 are omitted because the OBS malfunctioned in these two cases. Record sections, travel time curves, and theoretical and experimental amplitude-distance curves are given for lines I, II, IV, and V in Figures 3-14 . The computed velocity models for these profiles are shown in Figure 15 . The calculated amplitude-distance curves are based upon these models. These gradient models are approximated by layered models, and the composite section is shown in Figure 28 . Record sections and travel time curves for lines 1-11 are shown in Figures 16-27 . The record sections for these lines are plotteld assuming the ship was steaming at a constant speed and the air gun was firing every minute. Assuming a ship speed of 8 knots (15 km/h), the separation between the traces in the record sections would be 0.25 km. The exact distances for plotting the travel time curves for these sections were calculated from the water wave. The velocities, intercept times, and calculated layer thicknesses for all lines are listed in Table 2 . Explanatory remarks concerning individual lines, where needed, are included in the figure captions.
DISCUSSION
The refraction results obtained in this study are combined in Figure 28 to produce a single profile along a line approximately perpendicular to the trench axis, and a close-up of the crustal structure is shown in Figure 29 . Earthquakes hypocenters located from the data of the OBS and island station networks are included in the figure. The upper boundary of the inclined zone of seismic activity (Benioff zone) is indicated by a solid line. We also show inferred correlations of refracting horizons by solid lines. At depths greater than about 50 km the location of the Benioff zone is unambiguous. To define the extension of this zone toward the trench, we have assumed that peaks in the distribution of S-P time for earthquake signals recorded by the OBS stations correspond to the population of events originating along the nearest portions of the Benioff zone. Under this assumption, arcs drawn at distances given by S-P times corresponding to peaks in the S-P distri- which is substantially greater than that of typical oceanic crust
[ Worzd, 19741, the velocity of the basal layer (layer 3) is normal. The crust thins to between 5 and 7 km beneath the Fiji Plateau (lines 2 and 3). On the basis of few data points the mantle velocity beneath line 3 is found to be 1.6 km/s. The present data are inadequate in the toe of the trench to determine the structure at depths greater than a few kilometers. In the shallow section, material with a velocity of 4.1 km/ s forms a wedge that thickens toward the trench, beneath a thin surficial sediment layer. This material extends into, or very near to, the trench. This may be an acaetiomary deposit, or it may be of volcanic origin. We prefer to 'defer further speculation on this point until additional refraction data are available.
